Owing to the prevalence of numerous human ailments in current epoch, use of natural food in manufacturing of variant processed stuffs has captured the attention of researchers, quite considerably as they comprise of beneficial components. In this regard, utilization of plant derived enzymes is making its mark, attributable to their easy availability and resistivity to survive severe processing conditions i.e. temperature and pH. The purpose of the study was to extract protease from Carica papaya and Moringa oleifera leaves and cheese was manufactured by using different levels of extract concentrations as rennet substitute. Enzyme extract was subjected to protein content, milk clotting and proteolytic activity for the pursuit of its effectiveness in cheese preparation. Different cheese treatments were analyzed for their physicochemical, functional and sensory properties. Fat, moisture and protein contents showed highly significant (p<0.01) results in cheese. Whereas enzyme extract induced non-significant (p>0.05) effect on ash, acidity and pH values of cheese. Results showed that cheese manufactured by using papaya leaf extract i.e. T 3 and T 4 exhibited good chemical and functional attributes comparable to control i.e. T 0 (use of rennet). In conclusion, papaya protease proved to be a good plant coagulant with gigantic potential to replace rennet.
Amplifying utilization of plant-derived foodstuffs has been documented over the last epochs owing to the presence of beneficial constituents like phytochemicals, hormones, vitamins, enzymes, antioxidants and other nutritional components (Atanasov et al., 2015) .
Use of plant derived proteases have been reported in cheese making because of their milk clotting activity. In West African, Southern European and Mediterranean countries, plant coagulant used for cheese making. In 2014, global industrial enzyme market estimated around $4.2 billion and likely to develop at a compound annual growth rate (CAGR) of almost 7 % from 2015 to 2020 to reach at $6.2 billion and proteases are related to the biggest section of this market (Singh et al., 2016) .
The papaya (Carica papaya Linn.) is an evergreen plant found in tropical regions, originated from Central America and Mexico (Yogiraj et al., 2014) . The chemical composition of papaya discovered the presence of sodium along with potassium (223 mg/100 g of fresh fruit), manganese, magnesium, iron, copper, calcium, phosphorus and zinc in significant amounts. Papaya sustains a key position among the fruits for iron, potassium, calcium, fiber, thiamine, folate, riboflavin, niacin, vitamin A, B1, B2 and C contents (Saeed et al., 2014) . Papaya proteases like papain are currently utilized for cheese manufacturing, beverage and brewing industries. Hence, the cheese obtained from papaya leaves having coagulation property is due to the proteolytic activity of papain (Li et al., 2013) .
Moringa (Moringa oleifera Lam.) is a versatile and extraordinarily nourishing vegetable tree having a variety of potential usages. It is considered as most beneficial tree in the world and every part of moringa tree can be utilized for food or has some other advantageous property (Mishra et al., 2012) . Moringa leaves have been testified to be a rich source of calcium, potassium, β-carotene, vitamin C, protein and thus boost the shelf-life of fat containing foods due to antioxidant compounds for example phenolics, ascorbic acid, carotenoids and flavonoids (Dalei et al., 2016; Mbikay, 2012) . Milk clotting activity from moringa preparations has been related to serine and aspartic proteases for cheese preparation.
Production of cheese increased by a factor of around 3.5 since 1961 but the supply of rennet decreased because of the limited accessibility of ruminant stomachs (Shah et al., 2014) . Various aspects such as ban on recombinant calf rennet (in France, Germany and The Netherlands), religious concerns (e.g. Islam and Judaism), high price of rennet and diet (vegetarianism) have stimulated the pursuit for alternative milk-clotting sources (Puglisi et al., 2014) . Therefore, the thrust of this study is to evaluate the efficacy of different concentrations of papaya and moringa protease for the manufacturing of cheese, as plant protease shows optimum activity and stability in milk clotting.
MATERIALS AND METHODS OF RESEARCH
Procurement of raw material. Milk was procured from Dairy Farm, University of Agriculture, Faisalabad. Papaya leaves for enzyme extraction were procured from Botanical Garden and moringa from Crop Physiology Department, University of Agriculture, Faisalabad. Enzyme extraction and further analysis were carried out in Biotech Laboratory and Dairy Technology Laboratory, National Institute of Food Science and Technology.
Preparation of sample. The leaves samples of C. papaya and M. oleifera were washed carefully with tap water to remove dust and insects. The washed leaves samples were dried under shade at room temperature for 3 days. After completing dry, about 500g of leaves of C. papaya and M. oleifera were ground using kitchen grinder and passed through 25 mesh sieves and stored at room temperature until further use.
Phase 1: Enzyme extraction and analysis. Protease enzyme was extracted from leaves by following the method of Dahot et al. (1990) . In which 20 g of leaves sample was extracted with 100 mL ice-cold acetone in presence of some amount of glass powder using a pestle mortar. The slurry was filtered through Whatman No. 1 filter paper. The residues were spread on filter paper and allowed to dry at 20°C. This acetone dried powder was grinded in pestle mortar with 25 mL ice cold 0.2 M citrate-phosphate buffer (pH 7.0) and the slurry was centrifuged at 6000 rpm for 10 minutes. The supernatant containing enzyme was transferred to 100 mL volumetric flask and this procedure was repeated twice. The total volume was made up with ice-cold citrate-phosphate buffer. This freshly prepared extract solution was used for estimating protein contents, milk clotting and proteolytic activity.
Biuret method was used for protein analysis of enzyme extract as it was described by Gornall et al. (1949) . All the tests were carried out in triplicates. For standard curve, take 5 test tubes label them through 1-5. Add 0.1% solution of standard BSA (Bovine serum albumin), increasing the volume from 0.1-0.5% in test tube 1-5, respectively. Add distilled water to make final volume upto 5 mL. Then add 1mL of biuret reagent to all the 5 test tubes. Test solution was prepared by taking 2 test tubes, mark as blank and experimental and add 1mL biuret reagent in both test tubes. Add 1mL of enzyme extract experimental tube and 1mL water to blank one. Incubate standard, blank and experimental tubes in water bath at 37°C, for 15 minutes. Absorbance was recorded against blank at 540 nm by using spectrophotometer.
Protease assay of papaya and moringa leaves extract was carried out by the method of Pyrc et al. (2011) , in which enzyme activity was determined by the casein digestion assay. Since substrate grade caseins can vary from lot to lot and according to the manner produced, the standardization of casein digestion assays had been difficult to achieve. The use of a reference enzyme preparation was suggested.
Milk clotting activity of leaves extract was assessed by the method of Saliha et al. (2011) . The standard substrate, 10% (w/v) of low heat milk powder in CaCl 2 (0.01M) solution was prepared, and the pH was adjusted to 6.5 with 0.1 N NaOH. The protease enzyme extract (PEE) 1mL/10mL of standard substrate was added, mixed manually and incubated in a water bath at 30°C. After complete mixing, the "zero" clotting time started. It was measured in units/mL. Phase 2: Product development and analysis. Cheese was prepared by using different levels of enzyme extracts obtained from papaya and moringa leaves as rennet substitute. Boshra and Tajul, (2013) reported that protease / papain has milk clotting ability like rennet in cheese manufacturing.
Moisture content of all cheese samples prepared by using papaya extract as coagulant was determined by oven drying method as given in AOAC, 926.08 (1990). 3 g of grated and shredded cheese sample were weighed in a round, flat bottom metal dish and placed in oven at 100°C and dried to constant weight, cooled and weighed. Loss in weight was expressed as moisture.
The pH of all cheese samples was measured using pH meter (Model No.wtw82362 Wellheim) by following the method of Ong et al. (2007) . Before measuring pH, pH meter was calibrated using buffers of pH 4 and 7. After calibration the cheese sample was mixed in distilled water in the beaker and then by inserting the rod of pH meter in the beaker, pH of the cheese sample was recorded.
Acidity in cheese was determined by titration method as given in AOAC, 920.124 (1990). 1g cheese sample was taken in beaker. 10 mL of warm water was added in the beaker and vigorously shaked. Filter the contents and filtrate was titrated against 0.1 N NaOH using phenolphthalein as indicator.
Protein in cheese was analyzed according to the method of IDF, (2001). Fat contents of the cheese samples was measured by Gerber method as described by Marshal, (1992).10 mL sulphuric acid was measured and taken in the cheese butyrometer than 3g of cheese sample measured in the butter paper was inserted into the butyrometer containing sulphuric acid. At the end 3mL isoamyl alcohol was added. 5mL distilled water was also added. The butyrometer was properly stoppered. The mixture in the butyrometer was mixed gently and kept for centrifugation at 1100 rpm for 5 minutes. The fat level of the sample was noted from the graduated scale.
Ash content in cheese was determined by igniting the cheese sample by following Method No. 935.42 of AOAC (1990). Grated cheese sample (5 g) was weighed in a china dish and first ignited on flame and then in muffle furnace at 550°C until the constant weight of white ash is obtained.
The consumer acceptance of different samples for various attributes including color, flavor, taste, texture and overall acceptability was carried out by trained taste panel using hedonic score system as described by Meilgaard et al. (2007) .
All the analyses were performed in triplicate. The results were subjected to statistical analysis (CRD) in order to check level of significance as described by Steel et al. (1997) . Means of different treatments were compared by using LSD-Test to identify significance or non-significance among treatment means.
RESULTS AND DISCUSSION
Extract Analysis. The results of our present study showed that papaya and moringa protease used for coagulation or clotting of milk for cheese preparation. Protein contents, milk clotting and proteolytic activity of extracted protease presented in Table 1 . Moringa leaf extract showed compared to papaya i.e. 1.2 more in case of papaya extract these parameters were also obtained from this study were They also reported that senesced increase in activity of protease Physicochemical Analysis selection of high physicochemical showed less difference in protein contents mg/mL. Similarly proteolytic and milk clotting extract i.e. (7 Units/mL) and (170 Units/mL), respectively.
represented graphically as in Figures 1, 2 were quite similar with the results of (Agrahari and senesced leaves of Carica papaya are associated protease and milk clotting.
Analysis of Milk. Cheese manufacturing commences physicochemical properties milk. Samples of milk were i.e. 1.1 mg/mL as clotting activity was also respectively. Results of and 3. The results and Sharma, 2014). associated with several fold commences with the were subjected to compositional analyses to determine the suitability of milk for the preparation of cheese. Table 2 shows the complete physicochemical composition of milk. Results depicted that proteins (3.85%) and fat (3.5%) were relatively higher than cow milk. Lactose and moisture content were 4.86 and 87.09%, respectively. Acidity and pH value of milk were 0.11% and 6.8, respectively. Ash contents were 0.46% as well as total solids having compositional value i.e. 13.61%. The buffalo milk has higher content of total solids, lactose, fat and protein than cow milk, which makes it suitable for manufacturing of milk products, especially cheese production (Rafiq et al., 2016; Murtaza et al., 2014) . Results of these current analyses were agreed with the findings of protein, fat, acidity and pH of buffalo milk by Ahmad et al. (2013) . Physicochemical properties of cheese. The effect of using plant protease extract in cheese physicochemical properties is mentioned in Table 3 . It shows that there is no significant (P>0.05) difference in acidity of cheese prepared by using papaya and moringa leaves extract (5 and 10%). Acidity percentage in different treatments was in the range of 0.76% to 0.83%. Maximum value observed in T 3 i.e. 0.81% followed T 1 i.e. 0.77%. Minimum acidity (%) was found in T 2 and T 4 i.e. 0.76%. Results are nearly in agreement with the findings of (Abou-zeid, 2015). They reported that there was no significant difference detected for most of physicochemical components (pH, acidity and fat) of Ras cheese manufactured by plant enzymes.
The ash content in cheese represents the inorganic matters remaining after the organic matters have been burnt. Mean value of ash content is given in Table 3 . There was no significant (p>0.05) difference between all the treatments. Ash contents remain virtually constant with increase in concentration of moringa and papaya leaf extract. Results of present study are supported by Harun et al. (2015) . They reported that ash %age was slightly higher but statistically insignificant in cheese made with Solanum dubium coat extract.
Fat contents in different treatments were in the range of 18.20 to 18.63% in Table 3 . There was no significant difference in fat content between T 0 and T 3 but these have highly significant (p<0.01) difference with other treatments. Results of present study revealed that fat content of cheese increases with increase in papaya extract and due to raw milk fat. Papaya leaves have numberless of nutritional ingredients and fatty acid composition that cause increase in total fat of final cheese. These findings are in accordance with Arvind et al. (2013) . Mahajan and Chaudhari, (2014) found highest fat content in cheese prepared by latex of four plants i.e. E. tirucalli (22.6%), E. nerifolia (22.1%), P. tithymaloides (21.5%) and E. nivulia (21.2%). Mean values of moisture content are presented in Table 3 . Moisture content in different treatments was in the range of 49.45% to 51.52%. There was highly significant (p<0.01) difference in moisture content between all the treatments because of the optimum moisture content in papaya and moringa leaves i.e. 81% and 71.34% according to and Asante et al. (2014) respectively. Different concentrations of leaves extract showed highly significant (p<0.01) effect on protein contents of cheese. This is due to the exceptional nutritional worth of papaya and moringa as studied by Silva et al. (2016) and Belewu et al. (2014) respectively. Table 3 shows a little bit difference (p>0.05) in pH of cheese. This might be due to higher acidity in raw milk. Results of Rafiq et al. (2016) showed significant increase (p<0.05) in pH of buffalo milk cheddar cheese (BCC) over the ripening period of 180 days.
Sensory properties of cheese. Cheese color is an important criterion of acceptance by cheese consumers. Creamy yellow color in cheese is accepted by the consumer. Color of cheese prepared using papaya and moringa leaves extract effect significantly (p ≤ 0.05). In the present study, statistical results regarding color of cheese showed in Table 4 . Score of color in different treatments was in the range of 5.33 to 7.66. Maximum color was 7.66 in T 4 followed T 0 i.e. 7.33. Minimum values were observed in T 1 i.e. 5.33 in which 5% moringa leaf protease extract used. Color score increases with increase in concentration of leaves extract. This may be attributed to the fact that the concentration of colored plant extract added to the cheese milk was much higher than that of the calf rennet (Agboola et al., 2009 ).
Texture particularly in cheese, is one of the most important attribute that helps to verify the identity of a product. As mentioned in Table 4 , cheese texture showed highly significant (p<0.01) results as manufactured by plant protease extract. Score of texture in different treatments was in the range of 5.00 to 7.33 in which 5% moringa and 10% papaya leaves extract used respectively. Cheese made with plant protease extract has a more uniform and softer body texture than animal source. Proteolytic activity of ginger contributed to textural softening during ripening of Iranian ultra-filtrate white cheese as described by Fathollahi et al. (2010) . Statistical results regarding flavor of cheese prepared by moringa and papaya leaves protease did not differ significantly (p > 0.05). Maximum flavor contents were found in T 2 i.e. 7.33 and minimum were observed in T 4 i.e. 6.66 in 10% moringa and 10% papaya leaves extract respectively. This study is compatible with the results of Tajeda et al. (2008) . They reported that there is no change in flavor when plant protease was used as a rennet substitute.
The mean value for taste is given in Table 4 . Value of taste in different treatments was in the range of 6.00 to 7.66. With increase in concentration of plant protease extract in cheese, value of taste did not change significantly. There was no bitterness noted by any member of the sensory panel.
Overall acceptability increases with increase in concentration of plant protease extract. T 4 is best because 10% papaya leaves extract was used and it has highest overall acceptance score i.e. 8.00. No off flavor and taste bitterness was reported in T 4 but overall it showed highly significant (p<0.01) difference as compared to other treatments. These results are in accordance with the findings of El-Aziz et al. (2012) .They indicated that fortification of buffalo milk with ginger extract resulted in more softness and smoothness during storage of cheese but high score for overall acceptability of cheese.
CONCLUSION
Based on the results of this experiment, the inclusion of Carica papaya and Moringa oleifera protease in cheese preparation improves its chemical composition. Cheese with papaya protease showed the best performance as compared to moringa in terms of milk clotting, proteolytic activity and its physicochemical composition. It could therefore recommended that dairy industries must utilize plant sources as substitute of calf rennet because of easy availability with simple purification process of protease and provide great possibility for large scale preparation.
